Chemical context
Non-covalent interactions, such as hydrogen, aerogen, halogen, chalcogen, pnicogen, tetrel and icosagen bonds, as well as n-*, -stacking, -cation, -anion and hydrophobic interactions, have an impact on the synthesis, catalysis and design of materials and on biological processes (Shikhaliyev et al., 2018; Hazra et al., 2018) . These weak forces can also control or organize the aggregation, conformation, tertiary and quaternary structure of a molecule, and its stabilization or other particular properties (Legon, 2017; Mahmudov et al., 2017a,b) . In comparison with well-established hydrogen and halogen bonds (Cavallo et al., 2016; Mahmoudi et al., 2018; Vandyshev et al., 2017) , chalcogen, pnicogen, tetrel and icosagen bonds are much less explored (Mahmudov et al., 2017a; Scheiner, 2013; Mikherdov et al., 2016) .
The title compound, C 18 H 16 F 3 NO 7 , has a 7-oxabicyclo-[2.2.1]heptene scaffold, thus making it a potential tool for the design and synthesis of new organic materials with various useful properties such as electronic materials, molecular tweezers, etc (Borisova et al., 2018a,b) . During the structure determination, we noted rather unusual intramolecular OÁ Á ÁF interactions. Here we report the synthesis, molecular and crystal structure of this compound as well as a Hirshfeld surface analysis. 
Structural commentary
The molecule of the title compound ( Fig. 1) is made up from a fused cyclic system containing four five-membered rings (two dihydrofuran and two tetrahydrofuran) in the usual envelope conformations and a six-membered piperidine ring in a chair conformation. The latter is distorted because the environment of the N1 atom is intermediate between trigonal-planar and trigonal-pyramidal. The puckering parameters of the fivemembered dihydrofuran [A (O1/C1/C2/C5/C6), B (O2/C1/C6/ C7/C10)] and tetrahydrofuran [C (O1/C2-C5), D (O2/C7-C10)] rings are A: Q(2) = 0.5780 (15) Å , '(2) = 359. 75 (17) ; B: Q(2) = 0.5737 (16) Å , '(2) = 4.53 (17) ; C: Q(2) = 0.5173 (15) Å , '(2) = 179.60 (19) ;
. The puckering parameters of the sixmembered piperidine ring (N1/C1/C2/C10-C12) are Q T = 0.5312 (17) Å , = 9.58 (18) , ' = 329.1 (11) . The molecular conformations are stabilized by weak intramolecular C-HÁ Á ÁO and C-HÁ Á ÁF interactions (Table 1) between methylene groups (C11; C12) and a methoxy group and the -CF 3 group, respectively. A rather unusual intramolecular OÁ Á ÁF interaction between one of the oxygen bridgehead atoms (O1) and one of the F atoms of the -CF 3 group [C5-O1Á Á ÁF2 = 2.9336 (16) Å ; C5-O1Á Á ÁF2 = 153.60 (9) ] might help to consolidate the conformational arrangement.
Supramolecular features
Intermolecular C-HÁ Á ÁO interactions involving the O atoms of carbonyl groups, the oxygen bridgehead atoms and methoxy O atoms, as well as C-HÁ Á ÁF hydrogen bonds define the crystal packing, which is shown in Fig. 2 . These packing features lead to the formation of a three-dimensional network structure. C-HÁ Á Á and -interactions are not observed, but HÁ Á ÁH interactions dominate in the packing as detailed in the next section. The molecular structure of the title compound. Displacement ellipsoids are drawn at the 30% probability level. Hydrogen atoms are shown as spheres of arbitrary radius. Table 1 Hydrogen-bond geometry (Å , ). 
Hirshfeld surface analysis
Hirshfeld surface and fingerprint plots were generated using CrystalExplorer (McKinnon et al., 2007) . Hirshfeld surfaces enable the visualization of intermolecular interactions by different colors and color intensity, representing short or long contacts and indicating the relative strength of the interactions. Fig. 3 shows the Hirshfeld surface of the title compound mapped over d norm where it is evident from the bright-red spots appearing near the oxygen atoms that these atoms play a significant role in the molecular packing. The red spots represent closer contacts and negative d norm values on the surface, corresponding to the C-HÁ Á ÁO interactions. The percentage contributions of various contacts to the total Hirshfeld surface are given in Table 2 and are also shown as two-dimensional fingerprint plots in Fig. 4 . The HÁ Á ÁH interactions appear in the middle of the scattered points in the twodimensional fingerprint plots with an overall contribution to the Hirshfeld surface of 35.6% (Fig. 4b ). The contribution from the OÁ Á ÁH/HÁ Á ÁO contacts, corresponding to C-HÁ Á ÁO interactions, is represented by a pair of sharp spikes characteristic of a strong hydrogen-bonding interaction (28.5%; Fig. 4c ). The contribution of the FÁ Á ÁH/HÁ Á ÁF intermolecular contacts to the Hirshfeld surfaces is 23.8% (Fig. 4d) . The small percentage contributions from the remaining interatomic contacts are summarized in Table 2 and indicated by their fingerprint plots for CÁ Á ÁH/HÁ Á ÁC (Fig. 4e) , FÁ Á ÁF (Fig. 4f) The crystal structure of the title compound in a view along [100] , emphasizing the intermolecular C-HÁ Á ÁO and C-HÁ Á ÁF hydrogen bonds (dashed lines).
Figure 3
Hirshfeld surface of the title compound mapped over d norm . FÁ Á ÁO/OÁ Á ÁF ( Fig. 4g ), OÁ Á ÁO (Fig. 4h) , NÁ Á ÁH/HÁ Á ÁN (Fig. 4i ) and CÁ Á ÁO/OÁ Á ÁC (Fig. 4j) . The large number of HÁ Á ÁH, OÁ Á ÁH/HÁ Á ÁO and FÁ Á ÁH/HÁ Á ÁF interactions suggest that van der Waals interactions and hydrogen bonding play the major roles in the crystal packing (Hathwar et al., 2015) .
Database survey
A search of the Cambridge Structural Database (Version 5.39; Groom et al., 2016) for similar structures showed the two closest are those of 2-benzyl-6a,9b-bis(trifluoromethyl)-2,3,6a,9b-tetrahydro-1H,6H,7H-3a,6:7,9a-diepoxybenzo[de]-isoquinoline (CSD refcode HENLAQ; Borisova et al., 2018c) and 2-benzyl-4,5-bis(trifluoromethyl)-2,3,6a,9b-tetrahydro-1H,6H,7H-3a,6:7,9a-diepoxybenzo [de] isoquinoline (HEN-LEU; Borisova et al., 2018d) . In the crystal of HENLAQ, inversion-related pairs of molecules are linked into dimers by C-HÁ Á ÁO hydrogen bonds. These dimers form sheets lying parallel to (100). C-HÁ Á Á interactions are also observed in the crystal structure of HENLAQ, together with intramolecular FÁ Á ÁF contacts. The asymmetric unit of HENLEU contains two molecules. In the crystal, molecules are linked by C-HÁ Á ÁO and C-HÁ Á ÁF hydrogen bonds, forming columns along [010] . Likewise, C-HÁ Á Á interactions and FÁ Á ÁF intramolecular contacts are also present.
Synthesis and crystallization
The synthesis of the title compound and its characterization by 1 H NMR, 13 C NMR, IR and HRMS spectroscopy have previously been reported (Borisova et al., 2018a) . Dimethyl acetylenedicarboxylate (DMAD, 1.84 ml, 0.015 mol) was added to a solution of 2,2,2-trifluoro-N,N-bis(furan-2-ylmethyl)acetamide (0.01 mol) in benzene (30 ml). The mixture was heated at reflux for 15.5-40 h at 353 K (GC-MS monitoring until disappearance of the starting material). The reaction mixture was cooled and left overnight at room temperature. The solvent was removed under reduced pressure. The residue (brown oil) was triturated with diethyl ether. The obtained crystals were filtered off and recrystallized from hexane/EtOAc (v:v = 2:1) to give the pure compound as a white powder (2.57 g, 6.2 mmol, yield 62%). R f = 0.56 (EtOAc/ hexane, 2:1, Sorbfil). M.p. 467.2-467.9 K (from hexane/ EtOAc). 
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 3 . All H atoms were fixed and allowed to ride on the parent atoms, with C-H = 0.95-1.00 Å , and with U iso (H) = 1.5U eq (C) for methyl H atoms and 1.2U eq (C) for all other H atoms. Eight outliers [(101) , (011), (101), (002), (110), (363), (303), (111)] were omitted in the final cycles of refinement.
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